S LEEP-DISORDERED BREATHING (SDB) is a common condition among community-dwelling older adults, with a prevalence of about 20% reported for moderate to severe SDB (apnea-hypopnea index [AHI] ≥ 15 per hour of sleep) (1). Previous studies have shown a statistically signifi cant association between SDB, hypertension, and cardiovascular morbidity (2 -6), suggesting that SDB may play a signifi cant part in the pathogenesis of these disorders. Interestingly, these associations were seen only in those younger than 60 years, and no statistically signifi cant association was described in older adults (1 -3,7,8). Because of these reports, the role of SDB in the pathogenesis of hypertension and hypertension-related morbidity among older adults remains unclear. The possibility that older adults may be subject to survival effects may explain the lack of association between SDB and increased cardiovascular and cerebrovascular morbidity in this group of the population has been forwarded (9,10). On the other hand, more recent studies have described signifi cant associations between SDB and cardiovascular and cerebrovascular morbidity among older adults (11, 12) .
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Because previous studies that examined the relationship between SDB and hypertension relied on the average of a few daytime blood pressure (BP) readings to defi ne hypertension, the BP values may not accurately refl ect the 24-hour BP pattern and, specifi cally, the status of BP during sleep. Twenty-four -hour BP pattern and BP during sleep have shown higher correlations with target organ damage and cardiovascular outcomes compared with offi ce BP (13 -15) . This implies that relying on offi ce BP values may be imprecise for examining the relationship between SDB and hypertension or hypertension-related morbidity.
Previous studies have reported a signifi cant association between SDB and nondipping of BP (16 -19) , but in almost all of these studies the impact of conditions that are known to infl uence 24-hour BP pattern, such as posture, daytime, and nighttime activities, was not accounted for (20 -24) . In this study, we report the 24-hour BP pattern in older adults with and without SDB, obtained in a constant environment in which specifi c measures are employed to control for the effects of posture and daytime and night-time activities. We hypothesized that SDB is independently associated with blunting of the nocturnal decline in BP typically observed during sleep in this communitydwelling older adults, regardless of the BP while awake.
Methods
Data for this analysis were obtained from a study that examines the association between SDB, 24-hour BP pattern,
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and 24-hour urine output. A convenience sample of study participants was recruited from senior housing and community and learning centers in Atlanta, Ga. Individuals who were aged 65 years and older and independent in performing all activities of daily living were eligible for inclusion in the study. Exclusion criteria included history of sleep apnea and use of continuous positive airway pressure treatment, symptomatic heart failure (New York Heart Association class 3 or 4), administration of diuretics except for hydrochlorothiazide ≤ 25 mg/d, uncontrolled diabetes mellitus (Hgb A1C >7.5), and history of diabetes insipidus. Individuals with history of urinary incontinence who use more than one pad in 24 hours were also excluded because it was felt that 24-hour urine collection would be unreliable in these individuals. The study was approved by the Emory University Institutional Review Board.
Demographic and clinical information were collected using questionnaires prepared for the study. Information about use of prescription medication was obtained from study participants and was verifi ed by the hospital pharmacist. The number of prescription medications was used as a proxy for burden of illness (comorbidity) (25, 26) . In addition, the effect of hypertension medications on 24-hour BP pattern was examined.
Study participants were admitted to the General Clinical Research Center (GCRC) of Emory University for 48 hours. Participants continued to take their routine medications while they were in GCRC, following verification by the hospital pharmacist. During the first day, 24-hour BP monitoring was performed with the use of Spacelabs model 20207 (Redmond, Wash) using the nondominant arm. The ambulatory blood pressure monitor (ABPM) was programed to take readings every 30 minutes during the 24-hour period. Because previous studies have indicated changes in BP associated with daytime activities (20 -22) , we opted to keep the position and activities of study participants uniform during the daytime (6:01 am -10:00 pm ). Hence, study participants remained at bed rest, with the head of the bed elevated to 45 degrees inclination, except at meal times and for bathroom visits. But while in bed, they were allowed to engage in different activities that included reading, watching TV, doing puzzles, or sewing and encouraged to stay awake until bedtime. In addition, the unit nurses made frequent visits into the rooms of study participants during the daytime to make sure they were not asleep. Night time, corresponding to sleep time (10:00 pm -6:00 am ), and daytime, corresponding to wake time, were determined based on lights off (10:00 pm ) and lights on (6:00 am ) time.
To be considered a successful ambulatory BP study, it was required that at least 80% of attempted BPs measured met the qualifi cations of the recorder algorithm (27) . The ABPM software output calculates the 24-hour mean daytime and night-time systolic and diastolic BPs. The following defi nitions were used to identify differences between night-time and daytime BP values. Dipping = average (day BP -night BP), Night-day BP ratio = average (night-time BP divided by daytime BP).
Based on the suggested operational thresholds for ambulatory BP monitoring, daytime hypertension was defi ned as average daytime BP values ≥ 140 mm Hg systolic and ≥ 90 mm Hg diastolic, whereas nocturnal hypertension was defi ned as average night-time BP values ≥ 125 mm Hg systolic and ≥ 75 mm Hg diastolic (28) .
In addition to the ambulatory BP recordings, 3 supine BP readings were taken by the GCRC nursing staff, while the patient was awake, between the hours of 8:00 am and 9:00 am , 12:00 pm and 1:00 pm , and 4:00 pm and 5:00 pm with the use of Dinamap Procare 420 (GE Healthcare, Waukesha, Wis) during the same 24-hour period.
During the second 24-hour period, 24-hour urine collections were obtained and a modifi ed sleep study was performed using overnight ambulatory sleep recording (Embletta, PDS; Medcare , Reykjavik, Iceland). The device recorded nasal and oral airfl ow, chest and abdominal movement, and pulse oximetry. The sleep recordings were downloaded to a computer and scored by the principal investigator. A minimum of 5 hours of recording was accepted to be adequate for scoring. The number of apneas and hypopneas per hour of sleep (AHI) was used to determine the severity of SDB. Apnea was defi ned as the cessation of airfl ow through the nose and mouth lasting 10 seconds or more. Hypopnea was defi ned as decrease in airfl ow of 50% or more accompanied by a decline in oxygen saturation of 4% or greater (29, 30) . The AHI recorded using the Embletta system has been shown to have a high correlation with AHI derived from polysomnography (31) . Total sleep time was estimated based on the light off and light on time.
Data Analysis
Data analysis was performed using SPSS for windows version 15 software (SPSS Inc., Chicago, Ill). The outcomes of interest were night-day BP ratio and BP level during sleep. The night-day BP ratio was used to determine the status of nocturnal BP decline, with values <0.9 indicating a normal BP decrease during sleep, and values ≥ 0.9 showing loss of the normal decline in nocturnal BP. Study participants were divided into two groups based on their AHI values (AHI ≥ 15 per hour [SDB] vs AHI <15 per hour of sleep [no SDB]). Demographic, clinical, and BP characteristics were compared in those with and without SDB using the c 2 test for categorical variables and Mann-Whitney U , KruskalWallis, or Spearman rank correlation tests for continuous variables. Stepwise multiple linear regression analysis was performed to determine the independent association between night-day BP ratio and SDB.
Results
A total of 70 participants were enrolled in the study with a mean age 74.9 ± 6.4 years. There were 41 (57%) women, 52 (74%) whites, and 15 (21%) African Americans. Thirtyfour participants (49%) lived with their spouses, 31 (44%) lived alone, and 5 (7%) lived with a friend or roommate. Twenty participants (29%) were taking 0 -1 prescription medications, whereas 35 (50%) and 15 (21%) were taking 2 -4 and 5 or more prescription medications, respectively.
Breathing Pattern During Sleep
There were 69 participants who completed the sleep study. The mean AHI was 13 ± 13 events per hour of sleep, and these were predominantly obstructive events (83%). The mean and lowest oxygen saturation levels were 93% ± 3% and 83% ± 6%, respectively. Eighteen participants (26%) had normal results (AHI <5 per hour), whereas 31 (45%), 14 (20%), and 6 (9%) participants had mild (AHI 5 -14 per hour), moderate (AHI 15 -29 per hour), and severe (AHI ≥ 30 per hour) SDB, respectively (29) . Table 1 t b l 1 shows the demographic characteristics of those with and without moderate to severe SDB (AHI ≥ or < 15 per hour, respectively).
Twenty-four -Hour BP Pattern
The 24-hour systolic and diastolic BP values showed normal distribution (Kolmogorov-Smirnov test for normality p = .980), and the average values were 129 ± 14 and 71 ± 7 mm Hg, respectively. Systolic and diastolic BP values during daytime ranged from 104 to 168 mm Hg and 54 to 87 mm Hg, with a mean of 132 ± 15 and 72 ± 7 mm Hg, respectively; night-time systolic and diastolic BPs ranged from 91 to 161 and 53 to 84 mm Hg with a mean of 124 ± 16 and 67 ± 8 mm Hg, respectively. The night-day systolic and diastolic BP ratio for women and men were .95 ± .06 and .94 ± .07 ( p = .66) and .93 ± .07 and .92 ± .09 ( p = .50), respectively. The distribution of night-day BP ratio by gender is shown in Table 2 t b l 2 . There was no statistically signifi cant correlation between day-night systolic or diastolic BP ratio and age.
Hypertension during the daytime (BP ≥ 140/90 mm Hg) and night time (BP ≥ 125/75 mm Hg) was observed in 27% and 54% of the participants, respectively (28) . There was a signifi cant positive association between daytime hypertension and body mass index, with daytime hypertension occurring in 11 of the 21 obese (52%), 5 of the 24 overweight (21%), and 3 of the 25 normal weight (12%) participants ( c 2 = 10.15, df = 2, p = .006). There was no statistically signifi cant association between night-time BP and body mass index.
The mean of three supine BP values obtained by the GCRC staff were 133 ± 16 and 71 ± 8 mm Hg for systolic and diastolic BP, respectively, and these values were highly correlated with daytime average 24-hour BP values (Spearman r = 0.67 [ p < .001] and 0.66 [ p < .001] for systolic and diastolic BPs, respectively). Table 3 t b l 3 depicts daytime and night-time BP values in those with and without moderate to severe SDB. Individuals with moderate to severe SDB showed signifi cantly lower BP dipping during sleep and higher night-day BP ratio. AHI was signifi cantly correlated with increased night-day systolic and diastolic BP ratio after controlling for age, gender, and BMI (partial correlation = .358, p = .003, and .305, p = .013, respectively). Figure 1 fi g 1 depicts a scatterplot that shows the approximate linear relationship between AHI and night-day systolic BP ratio. The night-day systolic BP ratio for those with AHI <5, AHI = 5 -14, AHI = 15 -29, and AHI ≥ 30 were .92 ± .07, .94 ± .06, .98 ± .08, and .99 ± .04, respectively (Kruskal-Wallis test p = .002).
Relationship Between AHI and BP Pattern
Moderate to severe SDB (AHI ≥ 15 per hour) was significantly associated with nocturnal hypertension ( c 2 = 4.52, p = .03), whereas there was no statistically signifi cant difference in daytime BP between those with and without Notes: BP = blood pressure. * Night-day BP ratio values (35, 36) : Normal ratio is between .8 and .9, indicating a blood pressure decrease during sleep by 10% -20%. A ratio ≥ .9 suggests loss of the normal decline in nocturnal BP whereas a ratio ≥ 1 depicts sleep BP equal or greater than wake-time BP. A ratio of <.8 indicates excessive drop in BP during sleep. moderate to severe SDB. Stepwise multiple linear regression analysis was performed with night-day systolic BP ratio as the dependent variable and AHI as the independent variable with age, gender, BMI, 24-hour mean systolic BP, number of prescription drugs, percent time spent in oxygen saturation <90%, and nocturia frequency included as covariates. AHI signifi cantly predicted increased night-day systolic BP ratio ( b = .002, t = 2.959, p = .004), and the model explained a signifi cant proportion of the variance in sleep-wake BP ratio ( R 2 = .20). The signifi cance pattern did not change when use of BP medications was entered into the model. Because diabetes mellitus has been reported to be independently associated and possibly causally related with nondipping of BP during sleep (32, 33) , the linear regression analysis was repeated after excluding individuals with diabetes mellitus ( n = 8). The results of the regression analysis showed that AHI was an independent predictor of increased night-day systolic BP ratio ( b = .003, p = .005, R 2 = .14).
Discussion
The results of this study show that SDB is associated with increased night-day BP ratio (nondipping of BP during sleep) among older adults, independent of daytime and night-time activities. This is an important fi nding because previous studies have shown that both daytime and nighttime activities can infl uence 24-hour BP pattern (20 -24) , suggesting that these activities may confound the effect of SDB on 24-hour BP pattern. Especially relevant to older adults is to establish if AHI predicts nondipping of BP during sleep independent of the impact of nocturia on 24-hour BP pattern. Nocturia is a common complaint among older adults (34, 35) and has been reported to show a signifi cant association with nondipping of BP during sleep (23, 24) . To our knowledge, this is the fi rst study to show the signifi cant association of SDB and nondipping of night-time BP after controlling for posture, daytime activities, and nocturia frequency.
Previous studies have reported signifi cant association between nondipping status of BP during sleep and cardiovascular morbidity and mortality both in patients with known hypertension (36, 37) and normal daytime BP (38) . The signifi cant relationship between sleep-time hypertension and moderate to severe SDB reported in this study implies that SDB contributes to increased BP load and associated related morbidity in this population. This might be one of the mechanisms to explain the increased risk of cardiovascular and cerebrovascular morbidity in older adults with SDB reported previously (11, 12) .
The results of this study denote the signifi cance of SDB among older adults, as well as the importance of 24-hour BP monitoring in assessing risk related to increased BP in this population. Although this study has several strengths , it also has limitations. Study participants were a convenience sample and may not be representative of the population of older adults. In addition, because of small sample size, the study may not have had adequate power to detect differences between those with and without SDB (type II error). For example, the average sleep-time BP in those with AHI ≥ 15 per Apnea Hypopnea Index hour was higher than those with AHI <15 per hour (129 mm Hg vs 123 mm Hg), and this clinically signifi cant difference in BP (39) was not statistically signifi cant ( Table 3 t b l 3 ; p = .08). A study with larger sample size may be needed to confi rm and advance our fi ndings. Another limitation in this study is the absence of objective measurement of sleep both during daytime and night time. Because the participants stayed in bed during most of the ABPM monitoring period, the possibility that the participants may be asleep during the daytime cannot be ruled out. As a consequence one can argue that the average daytime BP may be inappropriately lower than normal. We have tried to avoid sleep during the daytime by advising the participants to stay awake and by promoting frequent visits by the nurses to their rooms. Although these measures cannot prevent these individuals from falling asleep, we think the effect of this is minimal as the average BP value taken by the GCRC staff while the participants were awake in supine position showed a large correlation (0.7 for both systolic and diastolic BPs) with the wake-time ABPM value.
In summary, the results of this study have demonstrated independent association between increased AHI and nondipping of BP during sleep, and a signifi cant association between moderate to severe SDB and sleep-time hypertension in this group of older adults, indicating increased BP load during sleep. This increased BP load may be a risk factor for hypertension-related morbidity and increased disease burden in the elderly adults.
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